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Abstract 
The synthesis and the structural of tetrachlorocadmate(II) and trichlorocadmate(II)  systems, with perovskite-like structures, are 
described. The countercations are diprotonated amines, such as the benzidine; monoprotoned amines, the case of Creatinine or 
amino acids like Histidine. The structural model of the compounds consists of extending organic layers. The holes between these 
layers are occupied by CdCl4 monomer, Cd2X6 dimer, CdX6 in chain and CdX6 [(CdCl42-) n, ( CdCl3- ) n]  layer, stabilizing the 
structure through hydrogen bonding.  The obtained complexes are: Creatininium tetrachlorocadmate(II), Histidinium 
trichlorocadmate (II), Hydroxonim trichlorocadmate (II) and Benzidinium  tetrachlorocadmate(II) . 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Istanbul University. 
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1. Introduction 
Studies of organic-inorganic hybrid materials are of considerable interest (Elleuchet al., 2007). These materials 
enable the integration of useful organic and inorganic characteristics within a single molecular-scale composite; for 
example, unique electronic and optical properties have been observed (Hill, 1998; Kagan et al., 1999).  
Furthermore, the hybrid compounds in two-dimensional structures crystallizing in the perovskite type and having 
the general formula (R-NH3)2 MX4 et (NH3-R-NH3) MX4 (wherein R = organic group, M is a divalent metal and X = 
halogen) have long attracted scientific attention by phase transitions they present (Needham et al., 1984) and their 
specific property can be used as templates in organic reactions (Blinc et al; 1977). In addition, structural differences 
were observed when the organic entity is monoprotoned or diprotoned (Needham et al., 1984) .The Cd (II) is a d10. 
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This configuration allows it to adopt multiple geometries namely: CdX4 monomer (Weseáucha-Birczynska et al., 
2005), CdX6 (L-Y., Kong et al., 2007) . CdX6 in chain (Corradi et al., 1997). CdX6 layer (Bonamartini Corradi et 
al., 1994) , CdX5 in chain (Subashini et al., 2008). 
 
In this work, we present four new compounds based on cadmium (II), three hybrids containing monoprotoned / 
diprotoned amines. For these complexes, the sequence of anionic modules is different from one phase to another one 
and the coordination number of the metal center may vary. 
2. Experimental Part  
 
The four complexes were synthesized from a stechiometric mixture of amines or amino-acids with cadmium (II) 
chloride in an aqueous solution little concentrated of HCl . Four new compounds based on Cd (II) were obtained 
after a slow evaporation at ambient temperature. 
 
3. Data collection and Refinement 
Data collection:COLLECT(Nonius, 2002); cell refinement: DENZO and SCALEPACK (Otwinowski & Minor, 
1997); data reduction: DENZO and SCALEPACK; program(s) used to solve structure: SIR92(Altomare et al., 
1993); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3(Farrugia, 
1997) and Mercury (Macraeet al., 2006); soft-ware used to prepare material for publication: WinGX(Farrugia, 1999) 
and PARST (Nardelli, 1995). 
4. Structures Description 
 
4.1. Creatininium  Tetrachlorocadmate(II)  
 
     The formula of the compound is 2(C4H8N3O)+, (CdCl4)2- (Figure1) crystallizes in P-1 space group with  cell 
parameters: a = 7.5203(4) ǖ, b = 7.6761(4) ǖ, c = 15.076(7) ǖ, Į = 79.476(2) °, ȕ = 85.438(3) °, Ȗ = 83.214(5)° and 
Z = 2 (Boufas et al., 2009). 
 
In this compound, there is only one cadmium site with coordination number 4, forming an isolated monomer 
tetrahedral (CdCl4)2- : Cd-Cl1 = 2.4571(5) ǖ ; Cd-Cl2 = 2.4596(5) ǖ ; Cd-Cl4 = 2.4627(5) ǖ ; Cd-Cl3 = 2.5679(12) 
ǖ. This coordination gives the cadmium « CdX4 » «environment (Figure 2). Cationic and anionic entities are linked 
to each other by six hydrogen bonding (Table. 1) 
 
Table 1.  Hydrogen-bond geometry (Å, °) 
 
D—H•••A  D—H H•••A  D•••A D—H•••A 
N1—H1…Cl3 0.79 (2) 2.41 (2)  
N2—H2…Cl3i 0.80 (3) 2.48 (3)  
N4—H4…Cl4 0.75 (2) 2.70 (2) 
N6—H6…Cl2ii          0.88 (3) 2.32 (3)  
N2—H22…Cl1          0.90 (2)       2.34 (2) 
N6—H66…Cl4iii        0.81 (3)      2.55 (3) 
3.1840(16)  
3.273 (2)  
3.2967(17) 
3.1673 (18)  
3.2368 (18) 
3.2117 (17) 
168 (2) 
170 (3) 
139 (2) 
161 (3) 
171 (2) 
140 (2) 
 
Symmetry codes:  (i)x;y+1;z;  (ii) x-1;y;z;  (iii) –x-1;-y;-z+1. 
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Fig. 1: ORTEP of the asymmetric unit of 2(C8H16N6O2)+, (CdCl4)2-  
 
 
Fig. 2: CdX4 cadmium Environment  
4.2. Histidinium trichlorocadmate (II) 
 
     This compound is formulated  2(C6H10N3O2)+, (Cd2Cl6)2 (Figure3) crystallizes in P1 space group with  cell 
parameters:      a = 7.1540(6)ǖ, b = 8.2591(6) ǖ, c = 10.4459(8) ǖ,  Į = 108.502(5)°, ȕ = 97 .499(3)°, Ȗ = 94.512(2) 
with Z = 1. In this complex, each cadmium represents the center of a pyramid formed by four chlorines in which, 
three are terminals ones: Cd2-Cl1 = 2.4815(11) ǖ ; Cd2-Cl6 = 2.4866(11) ǖ ; Cd1-Cl3 = 2.4664(11) ǖ ; Cd1-Cl4 = 
2.5158(12) ǖ and two bridging chlorine atoms (Cd1-Cl5 = 2.5066(13) ǖ ; Cd2-Cl2 2.5152(14) ǖ) which ensure the 
junction between two adjacent CdCl3- entities forming a  dimmer Cd2Cl6. On the other hand, the presence of the acid 
function reveals a secondary bond Cd…O by each cadmium atom (Cd2-O11 = 2.325(3)ǖ ; Cd1-O1 = 2.365(3) ǖ). 
This bond gives each metal site, bipyramidal geometry « CdX5 » (Figure4). The cohesion of the structure is ensured 
by a big number of H-Bonds such as: N-H…O, N-H…Cl, C-H…O and C-H…Cl (Table. 2). 
 
Table 2. Hydrogen-bond geometry (Å, °) 
D—H···A D—H H···A D···A D—H···A 
N22—H2···Cl5i 0.8600 2.7800 3.287 (4) 119.00 
N22—H2···O2i 0.8600 1.9400 2.699 (5) 146.00 
N3—H3···Cl2ii 0.8600 2.8200 3.336 (4) 120.00 
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N3—H3···O22ii 0.8600 1.9900 2.751 (5) 146.00 
N2—H21···Cl4iii 0.8600 2.3700 3.215 (4) 167.00 
N33—H33···Cl6iv 0.8600 2.2800 3.137 (4) 174.00 
N11—H111···Cl1v 0.8900 2.3800 3.229 (3) 160.00 
N11—H112···Cl3i 0.8900 2.7000 3.427 (3) 140.00 
N11—H112···Cl4iv 0.8900 2.7800 3.266 (3) 115.00 
N11—H113···O1iv 0.8900 1.9600 2.846 (4) 171.00 
N1—H117···Cl6iii 0.8900 2.4400 3.071 (3) 128.00 
N1—H119···O11iii 0.8900 2.0100 2.880 (4) 167.00 
C5—H5···Cl2iii 0.9300 2.7900 3.423 (4) 126.00 
C6—H6···Cl2ii 0.9300 2.8100 3.340 (4) 117.00 
C3—H31···Cl6vi 0.9700 2.7900 3.302 (4) 114.00 
C33—H33B···Cl3vii 0.9700 2.8100 3.686 (4) 151.00 
C55—H55···Cl5iv 0.9300 2.7100 3.406 (4) 132.00 
C55—H55···O1iv 0.9300 2.5300 3.245 (5) 134.00 
C66—H66···Cl1i 0.9300 2.7800 3.617 (4) 151.00 
C66—H66···Cl5i 0.9300 2.7400 3.278 (4) 118.00 
C2—H222···O22ii 0.9800 2.5600 3.253 (5) 128.00 
 
 
Fig. 3: ORTEP of the asymmetric unit of 2(C6H10N3O2)+, (Cd2Cl6)2-  
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Fig. 4 : CdX5 cadmium Environnement  
 
4.3. Hydroxonium trichlorocadmate (II) 
 
In our approach to research hybrid compounds based on cadmium, we have isolated a novel inorganic salt of 
formula: CdCl3-, H3O+.     It crystallizes in Pnma space group with cell parameters: a = 8.9795(9)ǖ, b = 3.9744(4)ǖ, 
c = 14.8694(15)ǖ with Z = 2. In this complex, cadmium is surrounded by a terminal chlorine Cl3 and five other 
bridging ones, forming a distorted octahedron « CdX6 » (Figure 5):    Cd1—Cl3 = 2.5216 (12) ǖ; Cd1—Cl4 = 
2.6417 (8) ǖ ; Cd1—Cl4i = 2.6417 (8) ǖ; Cd1—Cl2 = 2.6608 (12) ǖ; Cd1—Cl2ii = 2.6992 (8) ǖ; Cd1—Cl2iii = 
2.6992 (8) ǖ.  Anionic groups form a double chain of Cd(Cl2/2Cl3/3Cl)-n type extending along [001] axe (Figure 6). 
This is the first example of a compound where cadmium adopts such a sequence. 
 
Fig. 5: Cd(Cl2/2Cl3/3Cl)-n double chain 
 
Fig. 6: Overview of the cell along [010] axe  
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4.4. Benzidinium  tetrachlorocadmate(II)  
 
     Benzidinium tetrachlorocadmate(II)  (Figure 7) is formulated : (C12H14N2 )2+, (CdCl4)2-. It crystallizes in P2/c 
space group with cell parameters: a = 14.7765(4)ǖ, b = 7.2713(3) ǖ, c = 7.3639(5)ǖ, ȕ = 97.489(4)° with Z = 2. 
 The complex groups are composed of a cation which is benzidine diprotoned and (CdCl4)2- entity where cadmium ( 
special position 4c ) is connected to chlorine Cl1 via a covalent bond and four chlorines Cl2, Cl2i, Cl2ii ; Cl2iii with 
distances : Cd—Cl2 = 2.6593 (19) ǖ; Cd—Cl2i = 2.6593 (19) ǖ; Cd—Cl2ii = 2.6710 (19) ǖ; Cd—Cl2iii = 2.6710 
(19) ǖ. The presence of bridging chlorines gives it a two-dimensional structure. The cadmium is the center of the 
octaedral formed by 6 atoms of chlorine with « CdX6 » geometry. Bridging chlorines connect the various cadmium 
sites to form a layer extending parallel to the (b,c) plan (Figure. 8). The overall structure is held by H-Bonds (Table. 
3). 
Table 3.  Hydrogen-bond geometry (Å, °) 
 
D—H•••A  D—H H•••A  D•••A D—H•••A 
N—H7•••Cl2v 0.8900 2.3400  
N—H17•••Cl2vi 0.8900 2.3600  
N—H27•••Cl1ii 0.8900 2.3800 
C6—H66•••Cl2 1.1000 2.3073  
 
3.1697 
3.1863  
3.2452 
3.7118 
 
154.00 
155.00 
164.00 
139.00 
 
 
Symmetry codes:: (v) x, íy+1/2, z+1/2; (vi) x, y, z+1; (ii) íx, yí1/2, íz+1/2 
 
.  
Fig. 7: Asymmetric unit of (C12H14N2 )2+, (CdCl4)2- 
1645 S. Boufas et al. /  Procedia - Social and Behavioral Sciences  195 ( 2015 )  1639 – 1647 
 
Fig. 8: The succession of anionic and cationic l layers of the complex
4.5. Bis-L-Alaninium  tetrachlorocadmate(II)  
 
     Bis-L-Alaninium tetrachlorocadmate(II)  (Figure. 9) is formulated : 2(C3H8NO2)+, (CdCl4)2-. It crystallizes in 
C21/c space group with cell parameters: a = 25.5406(11) ǖ, b = 7.6959(3) ǖ, c = 7.5207(3) ǖ, ȕ = 103.965(3)° with 
Z = 8. The asymmetric unit is composed of Alaninium cation and a half of (CdCl4)2- anion, where cadmium ( special 
position 4c ) is connected to chlorine Cl1 and Cl2 via covalent bonds [2.6951(2) ǖ, 2.5083(3) ǖ] and four bridging 
chlorines Cl2, Cl1i, Cl1ii ; Cl1iii with distances : Cd—Cl2i = 2.5083(3) ǖ; Cd—Cl1i = 2.6951(2)ǖ; Cd—Cl2ii = 
2.7266(2)ǖ; Cd—Cl2iii =2.7266(2) ǖ. Leading to form a two-dimensional layer parallel to the (b,c) plan. The 
cadmium adopts « CdX6 » geometry (Figure. 10). Table 4 shows seven Hydrogen-bond that ensures the junction 
between different entities. 
Table 4. Hydrogen-bond  geometry (Å, °) 
 
D—H•••A  D—H H•••A  D•••A D—H•••A 
N1—H1A•••Cl2v 0.8900 2.7625  
N1—H1A•••Cl1vi 0.8900 2.6269  
N1—H1B•••Cl1 0.8900 2.4593 
N1—H1C•••O1 0.8900 2.3073  
N1—H1C•••Cl2iv 0.8900 2.4496  
O2—H3•••O1vii 0.8200 1.8783  
C1—H11•••Cl2viii 0.9700 2.7956  
 
3.4783 (13) 
3.3286(13) 
3.3093 (12) 
2.9010 (17) 
3.2105 (13) 
 
2.6966 (18) 
3.6359 (14) 
138.36 
136.41 
159.93 
124.06 
143.71 
175.62 
145.39 
Symmetry codes: (v) x, y, z+1; (vi) íx+1/2, íy+1/2, íz+1; (iv) x, íy+1, z+1/2; (vii) íx, íy+1, íz+1; (viii) x, íy, z+1/2.  
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Fig. 9: Asymmetric unit of Bis-L-Alaninium  tetrachlorocadmate(II)  
 
Fig. 10: Overview of the complex parallel to (a,c) plan
5. Conclusion 
x In this work we synthesized four new compounds based on cadmium (II).
x The coordination number and sequence cadmium varies from one compound to another one, depending to 
the organic moiety. 
x H-bonds bind cations and anions forming three dimensional network.   
x We were able to demonstrate a new sequence for cadmium chloride which is the double chain. 
x We can never predict the geometry of Cd (II). 
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